I . Three cows were given 3, 5 or 7 kg hay once daily in a Latin-square design, and samples of digesta from four sites in the rumen and onc site in the reticulum were taken at six times within the 24 h period after the feed. Dry-matter content and distribution of particle size and of particle density were measured for each sample. The changcs in thcse mcasurements with time were studied, The incidence of rumination was also recorded.
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Such knowledge is also valuable in understanding the factors influencing the voluntary intake of foods. However, in spite of these investigations little is known of the progressive changes which occur, with time, in the physical characteristics of reticulo-rumen digesta in the course of normal digestive processes. In the study reported here circadian changes in dry-matter content, distribution of particles with different density and size were measured in cows given hay once daily. The incidence of rumination was also measured.
E X P E R I M E N T A L

Animals and treatments
Three adult, non-lactating Friesian cows (nos. 10, 1 3 and 33) each fitted with a rumen fistula, were held in individual stalls in an enclosed building. The only food used was pasture hay with a chemical composition (g/kg dry matter) as follows: crude protein 66, crude fibre 382, ether extract 12, ash 59, nitrogen-free extract 481.
At 09.00 hours (changed to 08.30 hours in some instances; see below) the cows were given either 7 , j or 3 kg (air-dry weight) of the hay (designated H, h4 and L levels respectively) according to their allocation in a 3 x 3 Latin square design. Each period was of 21 d duration. The cows on the M and L levels of feeding usually finished eating their rations at approximately I 1.00 and 10.00 hours respectively, but those on the H level did not behave uniformly. Cow 33 consumed the 7 kg hay by 11.30 hours and this was taken as the time, each day, after which no further consumption of food would be permitted. However, the rates of eating of cow 10 (period 2) and cow 13 (period 3) on the H level of feeding were less than that of cow 33, and to maintain a high level of intake these two cows were given an extended period of feeding, namely 08.30-11.30 hours. Even so, they did not always consume all the ration; during the 10 d period immediately preceding sampling, cow 10 consumed, on average, 6.1 kg, and cow 13 6.0 kg, whereas on the actual sampling days they consumed 6.0 kg and 5.75 kg, respectively.
Water was available for only one period daily, from 09.00 to 12.00 hours. During the 10 d period immediately before sampling the daily water consumption averaged 28 1 for cows on the H level of feeding, 22 1 for those on the M level, and 16 1 for those on the L level.
No food, therefore, entered the reticule-rumen after I 1.30 hours each day and no water after 12.00 hours each day.
Measurements
Dry-matter content, and the densities and sues of particles, were measured on samples taken from various sites in the rumen and reticulum at various times after feeding ; times at which the animals ruminated werc also recorded.
Sampling procedure. On the zIst day of each period, samples of digesta were taken
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Physical changes in bovine rumen digestu 3 59 The positions are indicated in Fig. I . Sampling commenced at 11.30, 14.00, 17.00, 21.00, 05.00 and 09.00 hours. The cows were always sampled in ordcr of the level of feeding: L, M, H. Sampling from one cow and the immediate processing of the samples occupied approximately 30 min, so that the times given above applied to L cows whereas the times for M cows were 30 min later and those for H cows 60 min later. Samples were taken by means of a plastic container 70 mm in diameter at the top, 50 mm in diameter at the bottom and 70 mm high and with a capacity of 160 ml.
A close-fitting lid prevented contamination during entry and removal of the container.
In sampling, the cannula plug was removed, the arm inserted into the rumcn and the required sampling position established by locating prominent structures in the rumen wall. For sampling from the reticulum, the base of the container was rested on the reticular side of the rumino-reticular fold and the sample was taken with the container in a horizontal position. At each sampling the lid of thc container was removed only when the container was in the required position and the lid was replaced before withdrawing the container. Where the digesta were of a fluid consistency, material was allowed to flow freely into the container; where they were not fluid, material was raked into the container with the fingers. Subsampling. The five samples from a COW were divided in the laboratory into three parts for determination of dry matter, particle densities and particle sizes.
Special apparatus was used for subsampling. It consisted of a metal trough which could be subdivided into three water-tight compartments after the sample had been distributed and uniformly mixed along the length of the trough. Samples having no free water component were not treated in this way; they were spread evenly on a flat surface and small amounts were picked out until the required divisions were achieved. After subsampling, formalin was added to each fraction and, when not processed immediately, the sample was placed under refrigeration at 2 360 E. w. EVANS AND OTHERS digesta particles over the mesh surfaces, while a mechanical device which rotated each screen and activated soft rubber brushes assisted in spreading the particles. The conditions under which the sieving machine was operated were such that particles suffered little mechanical damage.
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A subsample for size fractionation was placed on the top screen, the water-flow was adjusted to a predetermined pressure and the screen rotation and brush movement were set in motion. After a fixed period of time, taken after testing as z min, the machine was stopped and the material on each screen washed on to a tared filter-paper for drying. In this way the sample was separated into sections of six particle sizes, the weight of the sixth fraction being obtained by difference. The mesh sizes of the screens were selected arbitrarily to yield fractions which were visibly different in size. Sieves having square holes of sides 2.4 x I O -~, 1.2 x 10-3, 6 x I O -~, 3 x I O -~ and 7.5 x I O -~ m were used. The mean dimensions of particles collected on the five screens were estimated by measuring joo particles from a mixed sample from a number of fractionations; these were (mm) 9-3 x 0.8, 4.4 x 0.6, 2.6 x 0-3j 1-6 x 0-25 and 0.5 x 0-1.
The repeatability of this fractionation procedure was estimated by taking a sample of rumen contents from the dorsal region of the rumen of a cow, subdividing it into ten subsamples and putting each subsample through the apparatus under the same conditions as adopted for the routine processing. The results are shown in Table I .
It would be expected that subsamples with smaller proportions of coarse material would show less variation than this.
Particle density distributions. The density distributions of particulate matter in the subsamples were determined by means of density-gradient columns made up of mixtures of ethanol and carbon tetrachloride. In the making up of a column, ethanol and carbon tetrachloride, held in separate but connected flasks, were allowed to drain slowly into an opening at the bottom of a glass cylinder joo mm high and 70 mm in diameter. The mixture of liquids entering the cylinder was, to begin with, almost pure ethanol which was displaced upwards by a mixture containing increasing proportions of carbon tetrachloride, until the cylinder was filled. In this way, columns with densities ranging from approximately 800 g/1 at the top to 1500 g/1 at the bottom Vol. 29
Physical changes ia bovine rumen digesta 361 were established. Each column was calibrated by means of glass beads of known density. Density did not vary linearly with depth below the surface of the column and in practice a graph was drawn relating density to depth for each column. A battery of three columns was used at any one time. These were fitted into a closed box and were maintained at 37' during the time of filling (1-1.5 h) and of the density measurement.
The following procedure was adopted for routine measurements. A subsample with a component of free liquid was strained through a zoo mesh screen, by means of a water pump; this step was omitted for a relatively dry subsample. The subsample was then added to the top layer of liquid in a column and the column was allowed to equilibrate for 30 min. After this time the positions of the glass beads, of which six to eight were used in each column, were recorded. To remove the particulate material from the column, carbon tetrachloride was introduced slowly at the bottom of the cylinder, causing the liquid and suspended particles further up the column to be displaced upwards and to overflow into a number of flasks held successively under a lip at the top of the cylinder. Sufficient carbon tetrachloride was introduced to raise the column a measured distance, usually 60 mm, before one flask was removed and another substituted. After all the particulate material had been removed, the contents of each flask were filtered so that the digcsta particles were retained on a previously weighed filter-paper for drying and weighing. In this way, each subsample was separated into six to nine fractions, the density ranges of which were determined by reference to the density curve obtained from the glass beads. By using three such columns, it was possible to process six to nine subsamples daily. In preliminary testing it was established that certain limitations are inherent in this procedure. First, reagents such as ethanol and carbon tetrachloride may have some effect on the digesta, if only in replacing some of the water held in the particles. The densities recorded, therefore, were likely to be those of the solid vegetative matter rather than of particles containing rumen fluid. It might be expected that the use of water-immiscible liquids in the column mould overcome this problem but, in fact, it was found that this prevented separation of individual particles and did not permit particles to distribute themselves throughout the column. In addition, ethanol and carbon tetrachloride may dissolve some of the vegetative constituents such as fats and pigments. However, in view of the low content of diethyl ether extract in the food, this could not represent a serious source of error. Secondly, allowing a period of 30 min for equilibration of the particles within the column was recognized as a compromise since preliminary tests showed that, in fact, settling would continue for 24 h or more. Thirdly, carbon tetrachloride is hazardous to handle owing to its toxic nature. Special precautions need to be taken with the provision for ventilation in the working area.
Rumination mewrements. At 09.00 hours on the day of sampling, each cow was fitted with a head harness bearing a small rubber balloon positioned at one side of the lower jaw. An airtight tube transmitted jaw movement pressures to a rubber tambour activating a pen which made appropriate tracings on paper moving at the rate of 12.5 mm/min. The incidence of rumination was measured in this way for the duration of the sampling day. Test for statistical significance. Student's t-test was used to test for significance of differences between sets of results for different cows, levels of feed, size of particles and density of particles. Levels of significance are given in the text except where the level of significance is above 5 yo, when the difference is said to be not significant.
R E S U L T S
The experiment yielded a large amount of information on dry-matter percentages, concentrations of particles of six size ranges and six to nine density ranges in samples of digesta, taken a t six sampling times, from five positions in the reticulo-rumen for each cow, at three different levels of feeding. It is not possible to present all the detailed results in this paper. Instead, it is proposed to illustrate in general terms how dry-matter percentages, particle sizes and particle densities changed with time and to present some analyses of specific aspects.
For the purpose of comparing changes in these measurements with time for animals on different treatments, the concept of 'mean feeding time' was adopted such that the time measured from half-way between the start of feeding (09.00 or 08.30 hours) and the end of feeding (10.00, I I .oo or I I .30 hours, depending upon the level of feeding) was taken as zero time (To), and sampling times were expressed in hours from this time. This permitted results to be compared at 7'2 ( 2 h from the mean feeding time), T4.5, T7.5, T I I -5 , T1g.5 and T23.5.
Dry-matter percentages
The results are given in Table 2 .
The quantities of dry-matter at sites A and B were similar and appreciably greater than those at sites C, D and E. There was no significant difference between the drymatter percentages at sites C and D on the three levels of feeding. There was a significant difference, at the 5 yo level, between the dry-matter percentages at sites A and B for cows on high and low levels of hay, but there was no significant difference between these sites on the medium level of hay. The difference between means of the dry- matter percentages at sites C, D and at E was not significant, significant at the I yo level, and significant at the 5 yo level, for cows on low, medium and high levels of hay respectively.
Samples from sites A and B tended to decrease in dry-matter content from T4.5 onwards, and sites C, D and E tended to increase in dry-matter content. Sites A and B reflected changes in level of feeding but sites C, D and E did not.
Particle size distributions
The mean dimensions of particles caught on the five screens used for size fractionations have previously been described as lying between 9.3 x 0.8 mm and 0.5 x 0.1 mm; smaller particles passed through the finest screen. Some individual particles were 30 mm long, others were microscopic in size. Fig. 2 indicates one way in which the results of sieving may be regarded. There was a large decrease in the concentration of coarse material with time and a small increase in the concentration of finely divided material.
T o simplify the interpretation of changes occurring in the reticulo-rumen, size fractions were grouped into four: coarse (particles retained by the coarsest screen and having a mean length of 9.3 mm), medium (particles retained on the next two screens and having a mean length of 3.5 mm), fine (particles retained on the two finest screens and having a mean length of 1.0 mm), soluble and very fine (particles passing through the finest screen and having a mean length of less than 0.5 mm). Although it was Vol. 29 Physical changes in bovine rumen digesta 36.5 whereas the minimum at site A was reached at T23-5. At site C concentrations of coarse particles fluctuated less and showed some inconsistent patterns, whereas at sites D and E the minimum concentration of coarse particles occurred immediately after feeding. At the end of the 24 h period the concentration of coarse material in each of the dorsal sites was at least twice the maximum concentration in any of the other three sites over the whole 24 h. The concentrations of medium-sized particles at sites A and B remained relatively constant throughout the 24 h, decreasing, at most, to about three-quarters of their values after feeding, whereas the concentrations at sites C, D and E increased up to six times, depending upon the site and the cow.
In general, the concentration of fine particles increased from the end of feeding to a maximum at TI^-5, then decreased until the next feed. The total change in concentration at each site was approximately equal but, because of different base values, the change at sites A and B represented an increase of about 35 ;4, whereas at sites C, D and E it was about 170% of the minimum concentrations.
The changes in concentration of soluble and very fine material showed relatively small fluctuations with time. Nevertheless, a feature of the concentration changes of this fraction was a minimum either at, or soon after, feeding and a maximum between 731.5 and T19.5. The exact timing of the minimum seemed to be influenced by the level of feeding. The minima occurred later in the COWS given 3 kg/d than in those given either ; or 7 kg/d, the timcs being 4-5, 2 and o h rcspectively, from the mean feeding time. The widest fluctuations in concentrations of this fraction occurred at site IB, with nearly as much at site A. Least variation occurred at sites C and D ; the range of variation at E was about twice that at C or D. Although, in general, the concentration of soluble and very fine particles increased with time after feeding, there T T~S commonly a small peak in the curve of concentration against time at 754.5 or 757.5, well before the concentration attained its maximumvalue for the cycle as a whole, and the maximum concentration occurred at all sites and for all rations at least 4 h before the next feed.
The mean concentration over 24 h of coarse particles was greater than that of other particles at sites A and B, but at sites C, D and E coarse particles occurred at a lower concentration than fine particles. The concentration of the coarse particles at sites A or B was about eight times that at sites C, D or E, irrespective of the lcvel of feeding.
On the other hand, the Concentration of the finest grade of material in the dorsal sites was only about 20 yo more than in the ventral sites. Coarse material was thus confined mainly to the dorsal sac and the distribution of particles throughout the rumen became more uniform as the particles became smaller. There were small but significant increases in concentration of all sizes of particle at sites A and B with increased lcvel of feeding, but this was smaller than would be expected from the differences in intake levels, presumably because of compensating intakes of water and the secretion of saliva. There were no differences in the concentrations of any size of particle at the ventral sites C, D t Density (gil): low < 1000; medium IOOO-1200; high > 1200.
than that at sites C, D. It is possible that some coarse material found its way to the reticulum without passing through the anterior ventral sac (site D).
Mean concentrations over 24 h of medium-sized particles varied with sampling site in the same way as those of the coarse particles. Samples at sites A and B each contained about four times as much of this material as samples at sites C and D and about three times as much as at site E.
Fine particles occurred in higher mean concentrations over 24 h at sites A and B, where the levels were about 2.5 times as great as at sites C, D or E. This was not influenced by the level of intake. The concentration of soluble and very fine material at sites A and B was about
20%
greater than at sites C, D and E. The level of fceding increased to a small extent the concentration of this fraction at sites A and B but had no significant effect at sites C, D and E.
Particle density distributions
The distribution of particles within the range of the density columns, generally Soo-1400 g/l, varied according to the sampling site, the time of sampling and the level of feeding. Samples taken from the dorsal sites ( A and B ) soon after feeding tcnded to have the highest proportion of low-density particles; those from the ventral sampling sites (C, D and E ) tended to have the highest proportion of high-density particles.
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T o facilitate comparisons, the results from the fractionation of individual subsamples were treated in two ways: ( a ) by setting arbitrary limits at 1000 and 1200 g/l and determining the concentrations of particles of density less than 1000 g/1 (low density), between 1000 and 1200 g/1 (medium density), and greater than 1200 g/1 (high density), and (b) by calculating mean densities, defined as:
where c is the concentration of solid material of density p. As with size distributions, conccntrations as determined by density were calculated in terms of the total sample, that is dry matter plus liquid.
Mean concentra lions, as determined by density
Mean concentrations, from the three cows, of solid matter divided into the three density groups, low, medium or high, for the different sampling times, sampling sites and levcls of fccding, are given in Table 4 . Taken over 24 h there mere higher concentrations of low-density particles than of medium-density particles at sites A and B, and the concentrations of medium-density particles were higher than those of particles of high density. At sites C, D and E there were higher concentrations of high-dcnsity particles than of low-density particles.
Mean densities
Mean densities, averaged over three cows, ranged from 860 g/1 to 1210 g/l. Within this range fluctuations occurred such that there were two maxima and two minima during the 24 h period. Such duplex behaviour was common to all COWS and all sites, with a range of periodicity of from j to 12 h. Most of the short periods were close to the mean of 7-5 h. There was no significant difference in periodicity between diets, nor was there a significant difference in periodicity betwccn rumen sites except that the interval between minima for site C was longer (a mean value of 9.5 11). Mean densities at the various sites for different levels of feeding and different cows were averaged over 24 h. There was no significant difference between sites A and B, but mean densities at other sites increased from A and B to C to D and then decreased to E.
Relationship between particle size and particle density In examining fluctuations in the concentration of solid material at any one sampling site and at any one sampling time on the basis of size and of density, it was found that in some instances a closc relationship existed between the two measurements. Further evidence was sought in terms of mean concentrations over 24 h periods for all cows for the three fractions coarse/p < 1.0, medium/I.o < p < 1.2 and fine/p > 1.2 at different sampling sites. The relevant values are plotted, concentration by size against conccntration by density, in Fig. 3 to show that a I : I correspondence exists between the two measurements. An equally good correlation (Y = 0.95) is obtained when the relationship is examined for individual cows. This suggests that, in general, large particles tended to be of low density and small particles tended to be of high density. 
Relationship between rumination and the change of concentratioiz with time
Comparison of the times of starting and ending of rumination with features of the graphs of concentration against time indicated that there could well be a correlation between them. From density measurements, concentration-time curves were plotted to find times at which maximum and minimum concentrations occurred at each site. These were then averaged to obtain mean times for the occurrence of these maxima and minima for the reticulo-rumen as a whole. As shown in Table 5 , these fall into ~W O groups, one around the time of commencement of rumination and one towards the end of rumination. The correlation coefficient for the start of rumination is 0-94 and for the end of rumination it is 0.57.
It was sometimes difficult to decide the exact time at which the concentration of particles of low density was at a minimum. Moreover, for several cows neither the onset of rumination nor its completion was very clearly defined. Records of jaw movements indicated that sometimes, either at the start or at the end of rumination or both, there occurred intervals of rumination of several minutes' duration separated by longer quiescent intervals.
In view of the relationship between particle size and density concentrations indicated earlier, these characteristics of the density patterns may be translated into relationships with size.
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D I S C U S S I O N
The significance of the results will be discussed in relation to threc factors: the extent of stratification in the reticulo-rumen, the movement of solid digesta and the kinetics of the breakdown of fibre.
Stratification in the reticulo-rumen
The general nature of vertical stratification of digesta in the reticulo-rumen of cattle was described by Schalk & Aniadon (19281, who noted an accumulation of coarse material in the dorsal sac and relatively fluid digesta in the ventral sac. They indicated how, with time after feeding, there was a tendency for mixing of the digesta to occur as a result of the regular contractions of the reticulo-rumen. Balch, Balch, Bartlett, Bartrum, Johnson, Rowland &Turner (1955), and Balch & Rowland (1957) , referred to conditions, such as when high-concentrate-low-roughage diets were given, where stratification was not pronounced. Balch (196 I ) attributed the degree of stratification to the type of ration and the time after feeding, stratification being most pronounced immediately after the ingestion of a fibrous ration. However, little quantitative information has previously been available on the nature, in physical terms, of the stratification and on the rates at which changes occur in dir7erent positions.
This experiment indicated that pronounced stratification was due to the retention of newly ingested food in the dorsal regions of the reticulo-rumen. Comparison of results from samples taken at the end of the 24 h period (T23.5) with those taken immediately after feeding (5%) showed that: (a) stratification of digesta persisted throughout the 24 h period, the ratio of the concentration of dry matter at the dorsal sites to that at the ventral sites decreasing from 3'6 to 2-0 from T2 to T23.5. The
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concentration of dry matter at the dorsal sites decreased and that at the ventral sites increased during this period; (6) the maximum concentrations of coarse particles at the dorsal sites were at T2; (c) the maximum concentrations of low-density particles at the dorsal sites and the maximum concentrations of high-density particles at the ventral sites were at T z ; ( d ) there were much higher concentrations of coarse particles at dorsal sites than at ventral sites; (e) there were much higher concentrations of lowdensity particles at dorsal sites than at ventral sites. Some of these changes in concentrations of digesta of different sizes and densities have been studied before, but fewer samplings were made. Balch et al. (1955) , sampling once daily, reported dry-matter percentages of digesta from the dorsal sac which were similar to those obtained in the present experiment but their values for the ventral sac and for the reticulum were two to three times greater. Balch & Kelly (1950) found little difference between the specific gravity of particles from the dorsal sac and the ventral sac; most of the values lay between 1.022 and 1.055. ,4 mean specific gravity of 1.01 was reported by Nichols (1959). Campling & Freer (1962) found that most particles of specific gravity 1*oz-1.06 simulated stained hay particles in their rate of passage through the digestive tract. I n the present experiment, pronounced changes occurred between T z and T23.5, but these changes were not uniform or consistent although there was a tendency towards more uniformity as time went on. In terms of particle sizc, the dorsal sacs showed an almost uniform decrease in the concentrations of coarse particles with time but in the ventral sacs the coarse particles reached maxima at different times during the day and then declined. Concentrations of medium-sized particles showed relatively small fluctuations but those of fine particles fluctuated to produce a bimodal pattern. The interpretation of this pattern is difficult, but it suggests that, at two periods of the day, separated by 8.5 and 15.5 h, the rates of production and removal of fine particles vary considerably in spite of a relatively steady decrease in the concentration of coarse particles. I n measurements with sheep, Pearce (1967) showed similar changes in the concentrations of coarse and medium-sized particles but only a unimodal pattern for fine particles.
Completely consistent behaviour in these terms would not be expected because of the impact of rumination at different times during the day. As well as causing a reorganization of particle distribution, the extra salivary flow during rumination would be expected to affect concentrations of particle grades. Correlations between the start and end of a day's rumination indicated the possibility of association with certain maximum and minimum concentrations.
Movement of solid digesta in the rumen
Density and size results together provide an indication of how particulate matter moves in the rumen. The mean densities for all three cows for different sites and sampling times are given in Table 6 . Minimum density, indicative of the occurrence of maximum concentration of lighter, coarser material occurred early after feeding at sites A and B, as would be expected, and progressively later at sites C, D and E. The density at the dorsal site A at any time was lower than at the corresponding ventral site D and, similarly, density at site B was lower than at site C.
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Physical changes in bovine rzcmen digesta 37' ' (Table 7) , whereas the ratio to be expected was 3 : j :7 or I : 1.67:2.33. In actual fact, cows given 7 kg/d rejected on average 1.16 kg/d on their sampling days; so the ratio to be expected was I : 1-67 : 1.94. If changes in the size of the rumen on feeding could be ignored and the assumption were made that the coarser material from the ventral sites could be recycled to the dorsal sitcs during feeding, it would be nccessary to subtract this element of concentration from the values given above in order that the increase in concentration at the dorsal sites should match the ration ratio. From Table 7 the new ratio that results is 4670:7500: 8910 = I : 1.61 : 1-91, which is close to the expected value. One possibility that may warrant further investigation, therefore, is that a significant part of the coarser element of digesta in the reticulum is returned to the dorsal sacs on feeding, to be recirculated with the new feed. It is of interest to consider what happened, on feeding, to particulate matter at the other end of the size range. Table 8 gives values of the ratio: concentration after feeding (T2) concentration before feeding (T23. j) for the fine fraction and for the fraction passed by the finest screen, which was mostly composed of soluble solids. There was no great change in concentration of very finely divided particles and of soluble solids in the reticulo-rumen during this period; neither was there any appreciable change in concentration of fine particles at dorsal sites, whereas the concentration of this size of particle at all three ventral sites was approximately halved.
This halving of the concentration at ventral sites may have been due either to dilution on drinking or to movement of finely divided material out of the reticulorumen, there being no corresponding increase in concentration of this size of particle VOl. 29 Physical changes in bovine rumen digesta at dorsal sites. The results for concentration of the fine solids and solids in solution do not indicate that there was dilution due to eating and drinking, so that the conclusion is that some particles less than 2 mm in length were expelled from the reticulorumen during feeding. I n summary, therefore, the picture that emerges is of cyclic movement of coarse digesta from ventral to dorsal sites on feeding while some of the finer digesta are removed from the reticulo-rumen. It is a little surprising that there was no change in the concentration of extremely fine particulate matter and of soluble solids during eating and drinking. Some further indication of the possible movement of material within the reticulorurnen is provided by the density results. At any time of sampling, the mean density at dorsal sites A and R was lower than at adjacent ventral sites D and C respectively.
Mean density varied with time in a similar manner for a dorsal site and for its ventral neighbour (e.g. A, D and B, C). The behaviour for site E was complex, conforming to the pattern for sites B and C for about 5 h after feeding and thereafter changing over to conform with the general pattern for sites A and D.
The implication of the similarity in density variation between vertically adjacent sites is that interchange of digesta could occur direct between such sites as well as by cyclic movement of digesta around the rumen, as discussed later. Such direct intcrchange may result from recurrent and frequent movement of liquor in a vertical plane during contractions of the rurnen.
Kinetics of breakdown of fibre Comminution of fibrous material in thc reticulo-rumen may be regarded as involving the transfer from a large-particle, rumination pool to a small-particle pool that discharges into the abomasum (Hungate, 1966) .
T h e relevant equations for emptying of the two pools are:
I n this analysis L and S are mean concentrations, over the entire reticulo-rumen, of particles classed as being in the rumination (large-particle) pool and in the small- in the reticulo-rumen. m, cow 3 3 ; A, cow 10; 0, cow 13.
particle pool respectively. KL and K, are rate constants for transfer of particulate mattcr out of the two pools. The solutions of the differential equations (I) are:
Particles held by screen I , the coarse particles, or alternatively by screens I and 2, n ere classed as being in the rumination pool and particles passing screen 3 were considered to be in the small-particle pool. T h e concentrations of particles held by screen 3 were relatively constant with time, and particles of this size were therefore considered to be a transition size between large and small-particle pools.
Graphs of concentration against time for particles in the large-particle pool are given in Fig. 4 and for particlcs in the small-particle pool in Fig. 5 . The constants KL are given by the slope of the graphs in Fig. 4 and the constants K, are obtained from the graphs in Fig. 5 at time T such that (dS/dt) = o and Ks = KL (L,/S,) , where L, and S, are the concentrations of fibre in the two pools at time 7. Values of Ks and K , for the three cows and three rations are given in Table 9 (u), the assumption being that only the largest fibrous particles (average length 9.3 mm) constituted the rumination pool. The extent to which these constants are modified by assuming that the largest-particle pool consisted of particlcs of 6.9 mm average length may be judged from the values given for cow 13 in Table 9 (b).
One assumption made in developing this argument that is particularly open to challenge is that each sampling station was representative of one-fifth of the total volume of the rumen, or alternatively that the mean concentration of particulate matter of any size range in the rumen was given by the mean of the concentrations at five sampling sites. The magnitude of the errors introduced by this assumption should Vol. 29 Physical changes in bovine mmen cligesta not, however, be overestimated for it can be shown that, because the coarse pool consisted mainly of material at sites A and B, the constants are barely affected by a doubling of the volumes at all three ventral sampling sites. Similarly, a doubling of the volumes at both of the dorsal sampIing sites reIative to the ventral has very little effect. A doubling of the volume at one of the dorsal sites changes the constant for the rumination pool by about 10 94, which is not a large factor, bearing in mind the many other sources of error in this type of experiment. Another consideration that enters into discussion of rumen kinetics is change in size of the rumen with time, and the analysis indicates that this has no effect on the value deduced for KL provided all sampling sites suffer a volume change proportional to the change in rumen volume.
